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available as an open-source frequency that can be accessed by 

anyone around the globe. But this can be changed to a licensed 

Abstract—The Electronic Power Supply of a nanosatelliteis 

typically designed using Mil grade components which cost a lot. 

Designing circuits with such components is tedious and high cost 

risk. Commercial off the shelf components, even though, designed 

for a less hazardous environment, performs the same tasks. 

Designing the EPS with such COTS components, makes 

manufacturing of nanosatellites easier and faster. Such easierand 

faster production helps to give more focus on the payload and 

hence on the mission objective of thenanosatellite. 

 
Index Terms— Nanosatellites, Electrical Power Supply, COTS, 

Low-Cost, Space Technology 

 

 
I. INTRODUCTION 

The term "nanosatellite" or "nanosat" is a satellite with a 

wet mass between 1 and 10 kg. A satellite bus is a generalized 

design which helps to make the production of the satellite 

easier by fixing the bus and its functions so that the designand 

implementation of the payload are given more prominence. It 

is generally used in research satellites where the payload has 

more importance than its support system. The capability of a 

satellite bus relates is its ability to meet the payload 

requirements and provide the necessary facilities for the 

optimal operation of the satellite. 

 

Any nanosatellite is mainly comprised of four major parts: 

On-Board Computer (OBC), Communication System (CS), 

Electronic Power Supply (EPS) and the payload. A satellite 

bus is generally designed by combining the EPS, OBC and the 

CS as a fixed model based on the power requirement of the 

payload and the frequency range over which they wish to 

communicate. Based on these parameters, the bus can be 

modified to meet the need of the payload. 

 

EPS of a typical satellite costs a lot and is tedious to design. 

This puts a damper to the speed and simplicity in the 

nanosatellite development. To reduce this issue, we can use 

the Commercial off-the-shelf (COTS) components, which are 

easily available for commercial purposes and then retrofitted 

to survive the environment in space by providing thermal 

insulation and ionic insulation, so as to reduce the cost of the 

development. It also uses frequency ranges that are generally 

band, so that any data transmitted by the payload through the 

nanosatellite bus is protected, as per the need of the client. 

 

II. ELECTRONIC POWERSUPPLY 

 

The EPS of any satellite is the powerhouse of the satellite.It 

is responsible for giving life to the whole system and keeping 

it alive for the required duration of the mission remotely so as 

to ensure successful utilization of the satellite and the payload 

in the satellite [1]. EPS has to be able to provide sufficient 

power to the satellite subsystems under all possible satellite 

attitudes. Its main source of energy in space is the solarpower. 

This acts as the primary source with the battery as backup 

when the nanosatellite is in low-earthorbit. 

Solar power is the conversion of solar energy from sunlight 

into electricity using photovoltaics (PV) cells. Photovoltaic 

cellsconvertlightintoanelectriccurrentusingthephotovoltaic 

effect. The solar powered system in a nanosatellite can be 

generalized as the followingfigure: 

 
 

 

Figure 1: The PV cell – charging interface 

 
The power generated by the solar cell array is collected and 

regulated to match the required value of charging voltage. This 

helps avoid any fluctuations while charging the battery. It also 

acts as the source of energy, replacing the battery, whenever 

solar power is available. 

The EPS of the nanosatellite bus is a power system that 

utilizes two different sources that are combined tocomplement 

each other. The system comprises of a 10000 mAhLi-Polymer 
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battery that is supported using four solar panels that are in a 

series-parallel connection so as to generate up to 12V at 1.2A. 

 
III. MPPT (MAXIMUM POWER POINT TRACKING)IN THE EPS 

 
Maximum power point tracking (MPPT) is a technique used 

commonly with photovoltaic (PV) solar systems to maximize 

power extraction under all conditions. It maintains the power 

obtained at maximum point by varying the operating point of 

the system based on its load resistance. It can be executed 

through multiple methods such as Perturb and observe, 

Incremental Conductance, Current Sweep, Constant Voltage, 

Temperature method. 

 
As we analyzed the variation in power consumption due to 

the variation in the voltage of the payload, we can see that at a 

particularvoltagethelevelthepowerreachesamaximumlevel 

andthenreducesdramatically[1][2].TheMPPTalgorithmisused to 

maintain the power at the PMPP point by maintaining the 

voltageacrosstheloadconstant.Inananosatellitebus,theEPS is 

designed such that the payload of the bus causes almost no 

variation in the power from the PV cells. 
 

Figure 2: Power vs Voltage used by the load resistance of the 

payload 

When the internal resistance of the source of electrical energy 

equal to the load resistance is the most effective mode that 

provides a maximum output power. For providing of such a 

mode in solar power plants based on Photovoltaics (PV) is a 

term which covers the conversion of light into electricity using 

semiconducting materials [3]. The most widespread of them are 

DC-DC boost converter with pulse width modulation (PWM), 

the process of providing the matched mode also is called as 

extreme control of power plant. 

 

During orbital motion of the spacecraft with non-oriented 

panels its lighting and temperature are constantly changing, 

and that affects the position of the MPP [4]. Direct methods. 

Based on the instantaneous measurements of voltage and 

current values and the use of these measurements for 

calculation of the MPP position. 

 

 
 

Figure 3: Block diagram used to describe the MPPT system 

 

The figure 3 describes a structure of EPS system of the 

proposed satellite with matched load control. includes a 

photovoltaic array of cells (PV), which consists of individual 

PV cells connected in series and then in parallel [6]. PV Array 

is connected with the direct current converter (Boost 

Converter), which is controlled by pulse-width modulation 

(PWM). 

 

The main idea that drives the boost converter is the tendency 

of an inductor to resist changes in the current from the PV 

cells by creating and destroying a magnetic field. In a boost 

converter, the output voltage is greater than the input voltage, 

but it decreases the current at the output with respect to the 

input. The creation of a magnetic field is used to store energy. 

When the magnetic field is destroyed, the polarity across the 

inductor reverses and it becomes a source in series with the 

PV cells. This causes a higher effective voltage to beavailable 

at the output. The block MPPT based on measured values of 

output voltage and current of power plants calculates the 

required value of duty cycle which provides maximum output 

power. 

 

 

IV. STRUCTURALOUTLINE 

 

The block diagram in figure 4 describes the EPS designed 

for the nanosatellite bus. This figure shows how the satellite 

bus is powered, mostly by the Lithium-Polymer batterywhich 

in turn is supported using 4 PV cells that are connected in a 

series-parallel method so as to generate the above-mentioned 

voltage and to keep it continuouslyavailable. 

 

The battery discharges independently 11.55V without the 

help of the PV cells. It is then converted by the Voltage 

Converter Block (VCB) to three different voltage levels for 

the various utilizations in the nanosatellite. It converts the12V 

to 5V and 3.3V and supplies those three voltages to all the 

subsystems through thebus. 

 

The extra power generated will be stored into Li-Polymer 

battery. The battery will consist of three series packs Li- 

Polymer cells. The rated capacity of the battery is 2200 mAh 

at 11.1V. To achieve longer life time, it is better todischarge 

only 40% of the ratedvalue. 

The control algorithm of the converter consists of three parts: 
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 When the satellite is receiving sun light, it should provide 

sufficient power to operate the system through the MPPT soas 

to obtain maximum power. Also, the batteries should be 

charged according to temperature and charge characteristics of 

batteries. 

 When the batteries are charged, it just provides thetrickle 

charge and standby for dischargestate. 

 Discharge the batteries to provide the satelliterequired 

energy in eclipseduration. 

 

 

 

 

Figure 4: Block diagram of EPS 

 

The voltage generated by the PV cells is sent through a DC- 

DC Boost Converter that converts the varying voltage to a 

steady 12V. This is then given to the battery. Whenever light 

falls on the panel enough to produce sufficient voltage, the 

battery get charged although at a slower rate as the current is 

used to charge the battery and also to power the system. 

Therefore, when the satellite is in daylight, the satellite will be 

powered by the PV cells and when it is in nightlight, it is 

powered by the battery. 

 
V. POWERUTILIZATION 

 

The EPS is designed based on the power budget of the 

system.Thepowerbudgetensuresthatenoughpowerwillreach the 

subsystems to maintain efficient performance during the 

entiresystemlifetime[5].Theminimumaveragepowerrequired by 

the receiver is the receiver sensitivity. The nanosatellite bus is 

designed by considering the power requirements for each 

subsystem as given in the tablebelow. 

 

Table 1 

Power Usage Description in each subsystem of the 

nanosatellite 

Subsystem Power Requirement 

Payload 5W 

OBC 1.5W 

 

CS 3W 

Total 9.5W 

 
The power mentioned in table 1 is for normal operation of 

the nanosatellite, although, during the initial bootup of the 

system, it will consume burst power of 15W. 

 
When the power from the PV cells drops below 5V, theDC- 

DC boost converter fails and then the battery acts as the main 

source of power. Since the satellite orbital period lasts only for 

a maximum of 2-3 hours, this will provide sufficient power for 

thenanosatellite. 

 
VI. STATUS MONITORING 

 

The EPS is continuously monitored using voltage divider 

blocksthatwillindicatethevoltageandcurrentoutputfromthe 

batteryandfromthePVcells[7].Thevoltageacrossthevoltage 

dividerisfedtotheOBC,whereitwillmonitorthevoltageand 

current level as mentioned in the OBCsection. 

 
The temperature of the EPS is also monitored and using 

LM35 temperature sensor and given to the OBC to be addedas 

apartofthetelemetrysignal.TheEPScontainsthreepointsfor 

temperaturemonitoring:thebattery,thePVcells,theVCB.The 

battery temperature is monitored so as to know if any damage 

happens to the battery. The PV cells and VCB block 

temperature is monitored so as to know the reason, in case of 

failure of theEPS. 

 

VII. CONCLUSION 

 
Simplicity and cost reduction are main peculiarities of the 

nanosatellite.AftertestingtheEPS,wefoundthatusingsimple 

design based on the available COTS sub-units with acceptable 

performance, is faster and cheaper than building the system 

fromscratch. 

It also revealed that a simple PPT controller gave maximum 

poweratalmost96%ofthetime.Although,onaveragethetotal 

system efficiency is only about85%. 

We also found that even though the modules used here are 

not meant for space application, with appropriate thermal and 

ionic insulation, it will work just as well as designing an EPS 

using space grade componentswould. 
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